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tains zones that would support natural selection if and when the
chemical became available, and not on the immediate (and impos-
sible) recall of that chemical from all microsites.

A related issue, but on a slightly larger scale, is the movement of
the chemical or organism so that the two come into contact. Mobility
is not a limitation for water-soluble chemicals, which move through
soil easily, but it is a severe problem for very insoluble chemicals. In
this case, movement of organisms is all that is feasible if physical
mixing is not possible.

CONCLUSION

Returning to the ecological approach, the key point in determin-
ing whether bioremediation is successful is to establish whether the
conditions of natural selection can be expected to be met within the site
vicinity. The point is not to determine pollutant mass balances; it is
not to ensure that all heterogeneity can be understood and accounted
for; and it is not even to worry about local concentrations above
regulatory targets if conditions of the surrounding environment en-
sure that natural selection will occur. This approach recognizes that
energy from organic matter is the key limitation for microbial growth
and that if the appropriate enzymes and required environmental con-
ditions exist, there is no way to prevent complete biodegradation.
Thus, the first criterion for successful bioremediation is documenta-
tion of the conditions for natural selection, namely: (1) is the chemi-
cal a growth substrate for microbes? (2) is the site habitable (non-
toxic) for microbial life? (3) is there sufficient electron acceptor? The
ecological approach suggests that more emphasis should be placed
on documenting adequate electron acceptor supply and less on mea-
suring the actual pollutant.

A second line of evidence for a successful bioremediation is whether
the biological record suggests that natural selection has occurred.
This evidence was well illustrated by Madsen et al. (1990) for a plume
from a coal tar site. Types of evidence in the biological record in-
clude (1) increased rate of pollutant mineralization; (2) increased popu-
lations of microorganisms (e.g., total microbial populations, the bio-
degrading population, and grazers of those populations); and (3) chemical
gradients that show a discontinuity caused by respiratory consump-
tion of electron donors (pollutant) and electron acceptors. At con-
taminated sites, this kind of evidence in the biological record would
be strongly indicative of successful intrinsic bioremediation and its
persistence as long as the conditions for natural selection can be en-
sured.